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Soil conditioners are needed to improve the quality of soil particularly in marginal land. In this study, 
we tested the effects of compost addition, and their combination with zeolite on sorghum plants 
grown in ultisols. Chemical and physical characteristics of ultisols, compost, and zeolite were 
analyzed. The sorghum growth and physiology parameters such as dry biomass of stover, dty biomass 
of root, and height of plants were observed as well. Results showed that compost amendment to 
ultisols had obvious and positive effects on sorghum growth and yield. The betterment of the plant 
growth and yield was observed after combining zeolite and compost to ultisols, even though addition 
of zeolite did slightly enhance the growth and yield of sorghum in the planting media of mixture soil 
and compost. Our results hence demonstrate that in ultisols which has poor nutrients, the 
combination of compost and zeolite could be effectively used to enhance soil fertility and plant 
growth as well as biomass yield. 
 




Sorghum has a great potency to be developed as a source of food, animal feedstock, 
and various industrial purposes. Recent and promising research links the sweet sorghum 
as raw material for production of bioethanol as alternative and green source of energy 
[1]. Sorghum is able to adapt to large areas, ranging from areas with tropical climate, 
from dry to semi-arid even to wet climates, and can still able to give yield on marginal 
land [2]. Therefore, a tropical country such as Indonesia is suitable for the cultivation of 
sorghum. 
Ultisols, commonly known as red clay soils, is one of the potential soil types in 
Indonesia with an area of  around 25% of the total land area in Indonesia [3]. This type 
of soil is physically characterized by less stable aggregation and permeability, low 
organic matter, and slightly acidic [4]. The soil is dominated by kaolinite and along with 
its low organic matter content causes the soils to have low cation exchange capacity [5]. 
Hence, soil management of ultisols area should be focused on escalating and conserving 
the fertility of soil.  
In order to obtain optimum yield and quality of sorghum in ultisols land, appropriate 
approach and technology must be applied. Addition of soil conditioners can improve 
characteristic of soil properties, including soil aggregation and holding capacity [6]. Thus, 
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the objective of this study was to determine the effect of addition of soil conditioners 
on ultisols and the impact to the growth of sorghum plants. Two common soil 
conditioners were examined, namely compost and zeolite.  
 
2. Methods 
2.1. Experiment conditions 
The experiments were conducted as pot experiment in greenhouse (Table 1). The 
ultisols were obtained from Bogor Botanical Gardens of Cibinong Science Center. Two 
soil conditioners were tested to improve the ultisols properties, compost and zeolite. 
The indicator plant was Sorghum super-2 variety, obtained from Balai Penelitian 
Tanaman Serealia, Maros Indonesia. Each treatment was repeated as triplicate.  
 
Table 1. Experimental design in greenhouse. 
No Code Treatment  
1. Z0K0 Without zeolit + without compost 
2. Z0K1 Without zeolit + compost 5 ton ha-1 
3. Z1K1 Zeolit 100 kg .ha-1 + compost 5 ton ha-1 
 
2.2. Initial Analysis 
The aim of the analysis was to obtain supporting data on characteristics of ultisols 
and soil conditioners. This analysis was carried out before the cultivation of sorghum 
plants. 
 
2.3. Preparation of planting medium 
The planting medium used in this study was the ultisols of Cibinong Science Center 
land taken at a depth of 0 until 50 cm. Furthermore, the soil was dried in a greenhouse 
for approximately one week to reduce soil water content and increase its homogeneity. 
 
2.4. Planting and maintaining 
The experiment was conducted as pot experiment in green house. Planting was 
done by making holes deep 3-5 cm. Each hole was planted with sorghum seeds as many 
as 3 sorghum seeds which had been soaked previously for 3-4 days. Fertilization was 
done by immersing them into the soil with a distance of about 5 cm from the planting 
hole. The given fertilizer is NPK compound fertilizer with a dose of 100 kg N ha-1, 60 kg 
P ha-1 and 30 kg K ha-1. 
 
2.5. Harvesting 
Harvesting of sorghum was done after 8 weeks of planting, by taking all parts of the 
sorghum plant from the leaves to the roots, stems and seeds. The parameter observed 
including dry biomass of stover, dry biomass of root, and height of the plants. 
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3. Result and Discussion 
3.1. Analysis of characteristic of soil and soil conditioners 
The physical and chemical characteristics of used ultisols were examined (Table 2). 
The result shows that the ultisols was predominantly consist of silt. The measurement 
of pH indicated that the soil was slightly acid. The carbon content of the soil was low, 
since typical organic matter content of agricultural top soil is usually in the range of 1–
6%. The cation exchange capacity (CEC) of the soil was also low. The measured density 
was mediocre as well as its porosity. The available water was sufficiently enough for 
cultivation. Overall, these conditions were indication that the improvement of soil 
condition was needed through application of soil conditioner. 
Some conditioners are usually added to the soil in order to improve the fertility and 
cultivable properties of the soil. In the case of marginal land, the soil conditioners are 
expected to increase the microbial diversity and ameliorate physicochemical 
characteristic of soil. Two common soil conditioners were evaluated in this study, 
namely compost and zeolite. Similar with ultisols, the chemical and physical 
characteristics of those soil conditioners were evaluated as well (Table 3 and Table 4). 
 
Table 2. The chemical and physical properties of ultisol 
Parameter  Method/Instrument  Unit  Value  
Texture  Pipette    
Sand   % 9.21 
Silt   % 90.76 
Clay   % 0.01 
pH H2O  pH meter  - 5.7 
C-Organic  Walkley and Black  % 1.66 
Cation Exchange Capacity  Methylene blue titration  cmol/kg  11.55 
Bulk Density (BD) Cylinder  g/cm3 1.06 
Specific Gravity (SG) Pycnometer  g/cm3 2.31 
Available Water  Gravimetry  %-Volume  11.36 
Porosity  (1-BD/SG)x100% % 54.11 
 
Several beneficial properties are owned by compost as soil conditioner that 
expected to improve the chemical, physical, and biological characteristic of ultisols. The 
most distinguished property of compost is its high carbon content; hence addition of 
compost is expected to increase the fertility of soil particularly in marginal land. Organic 
materials affect chemical and physical properties of soil through improving soil 
structure, soil porosity, and water retention. Moreover, the growth of beneficial 
microorganisms around rhizosphere that have plant growth promoting features are also 
depended on the availability of organic materials. The CEC of compost is slightly higher 
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Table 3. The chemical and physical properties of compost used 
Parameter  Method/Instrument  Unit  Value  
pH H2O  pH meter  - 6.6 





cmol/kg  16.84 
N-total CNS Analyzer  % 1.27 
C/N ratio  -  - 10.0 
Water Content  Gravimetry  % 59.36 
 
Table 4. The chemical and physical properties of zeolite 
Parameter   Unit  Value  
Cation Exchange Capacity Methylene blue titration cmol/kg 77.8 – 86.2  
pH H2O  pH meter - 8.8 
SiO2  AAS % 67.82 
Al2O3 AAS % 13.74 
Fe2O3  AAS % 2.11 
CaO AAS % 2.32 
Zeolite, a mineral rock, is also a common soil conditioner. Analysis of its composition 
revealed that it consists of various minerals, with predominantly are silicone and 
aluminum (Table 4). Zeolite is mostly applied to the soil as fine particle which its porosity 
and surface have been increased. Therefore, zeolite has a very high CEC, compare to 
compost and ultisols. Furthermore, the pH of zeolite is high as well, a very suitable soil 
conditioner to neutralize the acidic property of ultisols. 
 
3.2. Effect of Soil Conditioner Treatment on Sorghum Plant Growth 
In general, addition of soil conditioners, compost and zeolite, did improve the 
growth and yield of sorghum, compare to the planting medium without soil conditioners 
(Table 5). Compost had a very significant role to boost growth of sorghum, but addition 
of zeolite as another soil conditioner to the mixture of soil and compost did slightly 
enhance the growth of sorghum. 
 
Table 5. The influence of various treatments of soil and soil conditioners toward  
  sorghum growth after 8 weeks of planting.  
Parameter Unit Treatment 
Z0K0 Z0K1 Z1K1 
Dry Biomass of stovers gram 5,97 9,23 10,01 
Dry Biomass of root gram 1,76 4,83 5,55 
Height of plants cm 174,3 194,9 209,7 
 
Various parameters of sorghum growth of yield in different soil conditions were 
observed after 8 weeks of planting. Dry biomass both of stover and root, and height of 
sorghum were increased with addition of compost, as related to improvement the 
properties of ultisols, particularly as the increasing of organic content, neutralizing of 
soil level of acidity, improving water retention, and increasing soil structure and 
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porosity. Furthermore, application of zeolite increased the CEC of soil, allowing the 
retention of fertilizers around rhizosphere, thus maximizing their absorption into plants. 
For example, a study demonstrated that sugar content in sugarcane stalks was related 
to the absorption of potassium and chloride ions [7]. Therefore, addition of zeolite was 
related to the improvement of biomass and growth profile of sorghum, and allegedly 
the volume and sugar content of sorghum juice in the stalks as well. Abundance of 
previous study have been investigated regarding the influence of compost as the debris 
of organic materials to uplift the plant growth, especially in marginal land. Application 
of compost in acidic rainforest and coastal savannah soils did Improve soil properties, 
growth, and yield of maize [8]. Under saline conditions, addition of compost did not only 
improve soil chemical and physical properties, but also increase the yield of Phaseolus 
vulgaris [9]. 
Amendment of compost to the soil interfered various physiological process of 
sorghum for example flowering time. Our results showed that biomass of sorghum 
cultivated in improved ultisols was ameliorated. Therefore, the addition of organic 
materials as compost and the improvement of soil condition through addition of 
compost as well as minerals of zeolite was expected to influence the biochemical and 
physiological of plants as well. A study on marigold crop showed that addition of 
vermicompost to potting media has synergistic effects on growth and flowering of 
marigold seedlings including plant biomass, plant height, number of buds and flowers 
[10]. It is obvious that addition of soil conditioners improved the quality of soil in 
marginal land. However, little information is obtained related to the mechanism on 
physically and chemically basis as well microbiologically of how these soil conditioners 
affected the growth and yield of crops. A thorough investigation is open to be explored.  
 
4. Conclusion 
Our results thus demonstrate that in ultisol, the compost alone could be effectively 
used to enhance soil fertility and plant growth and biomass yield of sorghum. However, 
the enhancement of soil fertility and plant growth as well as biomass yield could be 
effectively obtained through combination of compost and zeolite. 
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